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Abstract: Recently, glass industry in Romania has been affected by the tendency to avoid polluting 
substances. A similar problem is outlined related to the cadmium glasses used for signalizations in the car 
construction industry. 
The paper presents the advantages of obtaining red glasses based on copper that is introduced as an 
alloy of Cu – Sn. The red copper glass may substitute cadmium glasses and they are used for signalizations in 
the car construction industry. 
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Introduction 
 
Glass  is  a  mixture  of  silicon  dioxide  and  silicates  of  different  metals.  They  are 
amorphous materials with high mechanical resistance and roughness, with a small dilating 
coefficient.  At  high  temperatures,  the  glasses  react  like  under-cooled  liquids  with  big 
viscosity.  Glasses  have  no  defined  melting  point,  and  by  heating  they  soften  gradually, 
allowing the glass processing by blowing, pressing, pouring, laminating. 
Glass  is  obtained  by  the  melting  in  special  ovens  and  the  physical  properties  are 
determined by their composition [1]. 
The  colorants  used  in  glass  industry  are  classified  in  three  categories  [2]:  ionic 
colorants, molecular colorants, colloidal colorants. The ionic colorants are generally metallic 
oxides: copper oxides, chrome oxides, manganese oxides etc. The molecular colorants are 
represented by selenium that gives a pink colour, by sulphur that gives a yellow colour, and 
the  mixture  of  CdS  +  CdSe  that  gives  a  red  colour  whose  shade  depends  on  the  report 
between  the  two  components.  The  colloidal  colorants  are  the  metals  that,  by  thermal 
treatments, are dispersed as a colloidal solution engraving colours to the glass, depending on 
the sizes of the colloidal particles. 
The consumers of coloured glass are the air, naval and terrestrial transports. The light 
signalizations in transports are extremely important and the used colours are red, green, blue 
and yellow. 
In the recent years, the glass industry has been affected by the tendency of avoiding 
the use of polluting or dangerous substances that manifest in the entire world, but especially 
on  the  market  of  the  developed  countries  that  are  interesting  for  the  glass  producers  in 
Romania. A similar problem is outlined related to the cadmium glasses that are also toxic for 
the  human  body  and  polluting  for  the  environment.  Cadmium  glass  is  used  in  vehicle 
construction industry, for signalizations of the cars. 
The paper presents the advantages of replacing the cadmium glass with copper glass. 
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Experimental 
 
 
Table no. 1 presents the oxide composition of the examined glass. 
The alloy of Cu – Sn has the copper weight of 65%: 
 
Table no. 1. Oxide composition of examined glass 
Component  Red glass% gr  White glass % gr  Blue glass % gr 
SiO2  71,97  72,18  61,86 
B2O3  1,11  0,29  2,84 
Al2O3  0,5  0,32  0,22 
Na2O  9,86  15,02  11,36 
K2O  4,98  3  4,8 
CaO  10,24  8,28  3,55 
MgO  -  0,9  0,1 
CoO  -  -  15,87 
Fe2O3  0,01  0,01  0,02 
Cu  0,8  -  - 
Sn  0,53  -  - 
 
Melting was accomplished in an electric oven with baguettes of silicon carbon, with 
an automatic regulation in refractory ceramic crucibles at 1450
0C in normal atmosphere, for 
200 minutes. 
In these conditions, we obtained melting having a satisfying quality and colourless 
glass samples after cooling. 
For developing colours, the samples  have  been  thermally treated at 580
0C, for 85 
minutes. 
For all the three glass samples: red, white and blue, we determined the density as the 
first method of hydrostatic weight by using an electronic analytic balance. The glass samples 
were washed with distilled water and alcohol, and they were finally dried. The glass samples 
were weighted in the air, obtaining the mass m0 and in distilled water, obtaining the mass ma’. 
The glass density (dst) is calculated by the relation[1]:  
a
a
st d
m m
m
d 


0
0   (g/cm
3)  (1) 
       
where: ma = ma’
 - mf; mf is the weight of the wire suspending the sample and da – the density 
of the distilled water of the work temperature, namely 0,99723 g/cm
3 at 24 
oC. 
Thermal dilation determines the glass reaction in case of soldering or overlapping on 
other  types  of  glass.  It  is  featured  by  the  coefficient  of  linear  thermal  dilation  that  was 
experimentally  determined  by  means  of  the  Weiss  differential  dilatometer  modernized  by 
adding an electromagnetic micrometer and a register X-Y. The glass sample was heated with 
the constant speed of 3 
oC/min.[5] 
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Results and discussions 
 
Even if the use of the alloy of Cu-Sn may offer, at industrial level, the advantage of 
capitalizing  the  bronze  wastes  resulted  when  processing  the  metals  by  chipping  and 
perforating [1, 2]. 
In the alloy composition, the copper weight may vary between 60 and 70 % and of the 
corresponding tin. The melting is made in a refractory crucibles where we first introduce the 
copper and then, after the copper melting, we add the tin that dissolves in the melting. The 
alloy is poured as bars from where, by mechanical processing, we obtain a quire fine powder. 
For avoiding the fast melting of the alloy introduced in glass and its deposit on the 
bottom of the crucibles where the melting occurs, we recommend to mix the powder with a 
solution of sodium silicate. Both in the mixture of raw materials and in the melted glass, it is 
avoided  thus  the  separation  of  the  metal  and  its  sedimentation.  However,  we  need  to 
homogenise the  melted glass  in order to provide the  manufacture of a ruby  glass with  a 
uniform colour with no different shades. 
For understanding the reaction of the alloy during the processing of the mixture of raw 
materials and of glass, beside the ideas presented in the previous pages, it is useful to examine 
the phase accessible diagrams of thermal balance. Thus, figure 1 presents the diagram of the 
binary system CuO-SnO2 [3, 4] corresponding to the oxygen concentration  in the  normal 
atmosphere. We may find that the tin is in the maximum oxidation state, a fact the emphasizes 
the stronger tendency of oxidation, of capturing the oxygen of the environment, rather than 
the copper. 
 
Fig.1. Diagram of phase thermal balance of the system CuO – SnO2 in the normal atmosphere  
 
This fact is especially emphasized in the diagram of figure 1 where, at a very reduced 
oxygen pressure, the copper is stable as Cu
+ while the tin is maintained at Sn
4+. It is obvious 
that the tin “protects” the copper against the oxidation when they are together, and the oxygen 
in that environment is in the red. In the conditions of the presence of a sufficient oxygen 
quantity, the copper starts to oxidize only after the tin got to saturation as Sn
4+.  
As it was shown, there is also the opinion according to which some parameters of the 
technological process are capitally important for the quality of the manufactured red glass. 
For  this  reason,  this  study  tried  to  follow  some  of  the  important  parameters  without 
considering that this very complex subject was exhausted especially in the industrial practice.   Fiabilitate si Durabilitate - Fiability & Durability    Supplement no 1/ 2012 
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The obtained results for density are presented in table no. 2. 
 
Table no. 2 Results of density determinations  
Glass 
Densities 
Experimentally 
determined 
Red glass  2,4965 
White glass  2,5076 
Blue glass  2,64414 
 
Table 2 shows a value of the red glass density that is close to the ménage white glass 
density, which  is advantageous for producing overlapped glass objects. The values of the 
experimentally  and  theoretically  determined  densities  for  the  glass  manufactured  in  the 
laboratory are close, within the limits of about 1 %. For the ones taken over from industry, 
samples and compositions, the differences are bigger, over 2 %, especially in case of the blue 
glass containing CoO. 
Density is interesting for the industrial practice because it allows the fast spotlighting 
of the potential changes of glass composition. 
The values of the coefficients of thermal dilation experimentally determined for the 
three glass samples are presented in table 3. 
 
Table 3. Values of the coefficients of thermal dilation  
Glass  st experimental,  
(10
-7.K
-1) 
Ruby copper glass   91,87 
White glass  99 
Blue glass  99,36 
  
The concordance between the experimentally determined values and the calculated 
ones is satisfying, except for the blue glass where the difference seems too big. Practically, 
the dilation coefficient of red glass is quite close to the values found for the other glasses for 
making possible their welding or overlapping. 
 
Conclusions 
 
The red colour is obtained due to the use of the alloy of Cu – Sn, as a copper source, 
but also as a tin one, known as a reducing component. 
The glass composition is established depending on the uses and the properties of other 
types of glass it will be in contact, and the alloy of Cu – Sn constitutes the most reasonable 
solution. 
The main properties of the red glass used for signalizations in the car construction 
industry are comparable and compatible with the ones of the industrial glass currently used 
for ménage products. 
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